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(57) CXA^ • 

t A feed foi marine ecKihozpans^ in the Iprm of jOiat plates having a thickness o f 5 
imn pi- less comprising: hydratmg various raW matemfe suitable for a feed for marine 
cchinozoaris, extruding a mixture thereof thixmgh the hole of a die undbr pre^uro^ ^ 
cirtting apd press-molding. 

Theprasem inve^ aWificiallybi^ species of 

Echmodermata^ namely ^(tfid^ animal spepies cnrdin^^ to as 

echinozoans^ ajid an Qbj6ct fhoreof is to provklc an artificiailly blended feed for 
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echinozoans that instantaneously settles to the bottom of a body of water in a shape 
suitable for the feeding behavior of echinozoans, retains the shape thereof for 48 hours 
or more on the bottom of a body of water, causes little contanpnation of water quality, is 
inexpensive; and has satis^ctoiy sto 

Although the dietary and feeding behavior of marine echinozoans has 
conventionally consisted of the capturing of planktpn by pluteiis larva while in a : 
planktonic existence, after haying migrated lo a bottora-dwelling existence, they are 
known to be csharactem^ by ingestion of adhered d^^^^^ ingestion of 

brown aIgaQ» greeh algac^ red algae and bt;ber typical forms of mariiie algae, as y/ell as 
minute oirgahisms sidheririg to roek siirfaci2;s in the water, extremely slowly aiiti over the 
course of time once they liave rc^cbcd a certain shell diameter such as aboiit 3 mm^pr 
mord iii the case of sea urbliiiiSj aiid since tiiey rnbye th^ water by inoying thctt 
spines, it is not possible for these orgahistns to aggressivdly ingesit food floating in the 
water in the tharintir 6f itypi fish and crustaceans by swimming, but rather passively 
ingest ibod that has settled to the bottontt. 

On the other hand^ considerable emphasis has recently beeti pl^iqed on the - 
artificial finger ling production and breeding of useful species of echinozoans consisting 
primarily of sea urchins accompanying the development of the fish farming industry, 
and production and breeding are beGoming increasingly active due to progress made in 
technical research in this field, 

Sihde live algae had previously be^ commonly supplied as feed for 
echinozoaiis acconipanymg increases in the amounts of echinozoans bred in this 
manner, tfitere has been a promment shortage of feoi algae, thus resulting in the need for 
W arnflcially l^lended ^ fe^ and calls ifor the develppmei^^ thereof However, aii 
artificially blendcsd feed for echinozoans has iwt yet t6 be deyeloped. 

Therefore, as a result of 
blended feeds for ecjiirtozoaiis, the inventors of the present inventipti found that it is 
essential for artificially blended foeci to satisfy 13^ conditions listed below in yiew of the 
feeding characteristics 9^^^ 

(1) Sinc^ echinozoans search the oceto bottom cra^y l^ng abhg by niovirig thpu: 
spines and ingest food exitemely slowly over the pouree of tim^ the shape of the 
feed should satisfy thesis feeding characteristics, ^ 
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(2) Since echinozoans teed during the night over a Jong period of timCj the feed mu^t 
be able to retain its shape for at least 48 hours in water. 

(3) The feed is re<]uired tp instantaneously sink to the bottom immediately after being 
given. 

(4) iJince feedinjg; by echinozoans is (X)nsiderabJy affected by the oxygen content and 
ammonia nitrogen content of the breeding water, eljition of feed and resi<3ual feed 
must not contiaminate ite 

(5) The raw matCTiails that compose the feed must be ponimonly used raw materials 
that can be constantly accjuired in abimdeunpe^ and the ilnished feed must hayc 
>4orage£toil^ 

The inventors of the jpresent inyentidn then found that a method for satisfying 
these coiidilioris consists of hydrating vmou^^ bfraw materials suitable for feed 

fpr echiiiozoans, extruding a mixture thereof througt the hole of a dibunder pressure^ 
cutting and pressrmolding into a flat shap^, thereby lea(^ing to completion of the present 
invention; 

Namely^ the present invention is a feed for marine echinozoans in the/forni of 
flat plates having a thickness of 5 mm or less comprising: hydrating various raw 
materials suitable for a feed for echinozoans, extruding a mixture thereof through the 
hole of a die under pressure, cutting and press-molding. 

The following provides a detailed explanation of the present invention- 

The feed raw materials for marine echinozoans used in the present invention 
can be suitably selected according to the type of target ecbinozoan or degree of growth 
tbereof :^0m among aniinal protein sources such as fish meal, lactocasein and animal 
flesh protein; vegetable protein sources such as corxi gluten meal, defatted soybeans and 
yeast; hydrocarbon sources such as wheat, barley, corn, milo and defatted rice bran; oil 
sources such as fish oil, vegetable oil ahd animal oil; binders for fecilija^ shape 
retention; vitamins ahd minerals fcr OTtritiorial supplement?*ion; flavorings and other 
sulistances for protnoting ingestion; polyval^t alcohols Such as sorbitol or ptopytene 
glycol foi^xnipgr^ and pfreyention of degradation; and other taw materials^ 

Production of the echindzioaii fe^ of the present inventipi^ is carried out in the 
nianner described below. 

First, the aforementioned raw material are hydrated to a nioistm'e content of 
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20 to 50% followed by mixing to homogeneity. The reason for making the moisture 
content 20 to 50% at this time is that, if the moisturis content is less than 20% in the 
subsequejit high-pr^essure^^^ t^^ the moisture ends up being too lowj fluidity 

required for extrusion and molding treamient is unable to be obtained, the cylinder and 
die hole of the extruding machine becoine clogged, scorching occurs due to die heat of 
friction, or excessive pressure is applied resulting in proniment sy/cllmg.: in addition, 
if the moisture content exceeds 50%, the fluidity of the raw materials becomes 
excessively high, thereby preveriting the pressure from riising in the cylinder arid 
prwendng the obtaiJi 

Next, tbe mixture of the raw materials is charged into the cylind^ froioi the 
hopper of the extrudihg iriachihe followed by kneadiiig at a conistaiit temperature of, for 
example^ SO to 120^G k a high pressure p£ for example, 20 to 100 kg/em^, extnjding 
tbrOiigii a die hole and cutting into s^^^ 

At this time, although the extriided in*crmediate^^ p^ swells due to 
pressurization and the temperature rise caused by pressurizatipn, by adjusting the 
amount pf water added to the raw materials and the degree of cylinder cpphng, swelling 
is preferably made to be about 1.0 to L3 times by volume. 

If the degree of swelling exceeds 1,3 times by volume, the ability to settle to 
the bottom of water beconies inferior even if the product is flattened in the subsequent 
istep, while if the degree of swelling is less than 1 0 times by volume, the product ends 
up disintegrating due to swellihg in water. 

: Examples of extrusion imblding machines that can be used in the 
kfpi-em^tioned step mclude extruders and puff machiiies, and the shaipe pf the die hole 
ai^d <KaiDeter an^ length of the iritermediate products cut With a Cutter may be suitably 
seli&cted afccordihg to the t>pe of echi^ fed and the degree of gr<jwth thereof. 

Following extrusion tnolding and cujtjhg, the sui&ee of the mteni^ 
product^ is dri^ by ^iasismg thrpugh ^ dryer to redUqe the nipisture conteiit to 15 to 35% 
in the case of semi-moist feed, or 15 to 20% in the ca^e of dry feed. If ^i^d 
excessively at this timcj the intermediate products are erased or ctiack? form in the 
siibsequent flattening step^ while if the dtigree of drying is inadequate^ the iirterincdiate 
prbdiw^ rad up adhering to the flattening press pausing a decrease in flattening 
efllciencys thereby making this imd^ 
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Next, the dried intermediate products are supplied to the flattening press where 
they are flattened by press molding to a thiclcness of 5 mm or less. The flattened 
products have an external shape in the form of flat plates, while the inside has a dense 
porous structure. Although any type of flattening press may be used for the flattening 
press at this lime provided the pores of the swdllen products are pressed to push down 
and the products are flattened to a thickness of 5 mrii or less, a pf rotating rollers is 
used most preferably: ;^ 

Moreover, th^ fiattened products are preferably dried again^ if necessary, to 
adjust to a moisture content cif 15 to 35% in the cas6 of semi-moist feed or to a mojsturp 
cpntetit Qf i5% br less in 

The echiiiozoaji feedi of the pr^ent inveritioii dbteihcd b^^^ 
process described abbVte dp^^ not rpquirc conditions similar to live algae such as the 
addition of live algao in the form of nutrient souri?es or flavor Enhancers, or a moisture 
content similar to live algab (50 to 60%^ o 

Since the echinozoan feed of the present invention is the result of flattening a 
swollen prodtict into flat plates havitig a thiclaiess o? 5 nmilbr l^s, ft iinmediafely; 
seittles in water, retains its shape for 48 hours or more on the bottom^ closely miatches 
the feeding characteristics of echinozoans, allovirs useful species bf echinozoans, arid 
particularly sea urchius (including northern species consisting of short- spined sea urchin 
and norihem sea urchin as well as southern species coi^isting of green sea urchin, red 
sea urchin and hard-spined sea urchin), to adequately ingest the feed and exhibit 
promnent growth if given after having migrated tq a bottora-d welling existence, 
prbmotes satisfactory growth of the edible portion in the form of the reproductive 
OTgansy and €»diibits e^rtre^ of feed or residual feed^ thereby 

OTablin^ stable proUferatioii afad biraeaing without caiuiing contan^ pf the 
breeding wHten 

Moreover, in comparison with live ^ilgae, of feed requires 

considerably less labor and fe^^ 

Although the following provides a more detailed explanation of the prtjsent 
inveiition through examples the^^ the present invention is not limited to these 
iexamjples. ^ ' 
Example 1 
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After adequately mixing the raw materials in the blending ratios shown in 
Table 1 with a mixer, the raw material mixture was hydrated and adjusted to a moisture 
content Of 30 to 35%, 

Next, the raw material raixtiire wte loaded into an extruder and extruded into 
rods through a die hole On the en^ of the extrude with a screw at a pressure of 80 
kg/cm^, and the rods wer^ cut with a rotary cuttjer attached to the end of the die followed 
by air drying t0 somewhat dry tfie siiirfece of tlie feed, Next, the senu-moisi pellets 
: were press to a thickness of abom set of rotating ipller^ to pbtiam^ tj^s 

A and B of echinpzoan feeds of ^ 

■ Table 1 ^ - ' 



Name of i^w material ■ 


Feed A of present inyention 


F^d B of present mvdntion 


WMte fish :in«sal 




20.0% 


Green laVCT powder J 




20.0% 


Com gluten meal 






Defatted :s6yl>ean. 


19.0% 




Wheat flouf t 


, , .; 30.7% 




Vital gluten . 




■ :.' 5.0% 


Pr6pyle»ie glycol 


2.0% 


10.0% 




2.0% 


; J_. 10.0% 


Ppte^ium sorbatc 


■ : 0.3% / 


. 0.3% 


Vitamin mixture* 1 




: 2.0% 


MiniMral jnttixture*2, . 


4.0% : ' -\ 


4.0% 



^1*1: Halvar mixtures (1957) 



The two types A and B of feeds obtained in the niamiCT described iboye were 
fed to naturally caught hard- spined sea urchins having a mean shell diameter of LO cin 
and mean body weight of 0.5 g to conduct a growth test. 

in addition, a growth test was also conducted in the same manner by feeding 
the sea urchins green laver of live algae to serve as a control. 500 sea urchins were 
used; in each group, and the sea urchins were cultivated for 150 days, the cultivation 
method consisted of running filtered raw se^water into three ponds measuring 2 crn x 1 
m X 0,5 m and aisrating the 

■ The jresults V^e as sbovm Table 2, The results of cultivation were 

exifemely iavbrable, thus <>learly deinons^^ of the preset invention is 

superior asi a feed fp^ 
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Table 2 





FeedAof 
presenE iny eniion 


Feed B of present 

' ULVcXlIlUIl 


Green ; 

l^x/pr : 


At Start: J 


r No/of sea urcbia$ : 
Mean shell diameter (cm) 
Mean body weight <g) 


500 
1.0 

- ■ 0-5 


500 

l-O 

0.5 


500 

1.0 

, 0 .5 ■. 


A±<X>XDpl ^ 


rNp, of sea urchins 

1 Mean shell diaTnctcr (cm) 

L Meaii body weight (g) 


■ V482;. vV':' 
8=6 


476 
2.3 
8.0 


488 
2.1 
7.8 


Mean weight gaiii (g) 


\ .8.1, ; ;, . :: 




■ . :-7.3.V; 


Daily growth rate 




m'"2.60.. ;..:'■' 


?: '^'Si . . 


2.48 



:'£xaDiple 2 

After adequately mixing t^^ 
3 J, the raw material mixturc^s were hydrated fpUbwcd by adjustiiient to a moisture 
content of ajbout 30%. T<Jext, the raw material ipixtures \v(M:e loaded into an e^ruder 
and pressed through the cylindr ical hole of a die on the; end of the extruder with a screw 
at a pressure of SO kg/cm* while maintaining the temperature inside the cylinder at 
120^Cj followed by cutting into the shape of plates measuring 7 cm long and 3 cm wide 
with a lOtary cutter attached to the end of the die. Next, after drying the feed to a 
moisture content of about 17% with a dryer, the feed was pressed with a set of rotatii^ 
rollers fellqv^red by additional air drying by passing through a bqtair dryer to a moisture 

eonteni of aboit. 10% Vo 

■ '/-^ . Table 3 



Name of raw material 


Feed C of present inyentidn 


Feed p of jprcserit invention 


White, fish meal 


;::r-: < v5o%i';;:' " : . 




Defetted soybean 


17% 


;:;;,.;;;;..• ;-3o% v' 


Com gluten meal 


::;.;.;-v.; im^ 


;;.;■; ■";■;: 30% ,. ^;.' 


Whfsat flour 


;;,;:;■.;■■ 33% > 




Yitamiii inixture *1 


■■ ■: ;.:\ ;;-^- . : 2^ .; 


:■■; ;;.;;. 2% ; ;. 


Mineral mixture *2 ^ , 


:;;,.y.:' .- ^H: : :;;.. :",, 


• [':' ; €% 


Calcium carbonate 


2% ; . ■; ;-. 


;;';;;■■.;"■■ : 2%.^.;:..;:... . ;,^;'i': 



'*i;.=*2: Halyar mbctiires (1957) 



The twQ types of feeds C and D obtained in the manner described above were 
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fed to natutally caught short-spined sea urchins having a mean shell diameter of 1 ,0 cm 
and mean body weight of D.5 g to conduct a growth tes^^^ 

In addition, a growth test was also cqndiicted in the same maimer by feeding 
the sea urchin^ green laver of live algae to seive as a control. 

5Q0 sea urchins were used in each group, and the sea urchins were cultivated 
fer 75 days, The cultivation inethod consisted of runnrng fitered raw seawater int^o 
three pohds measuring 2 m x 1 rax 0.5 m and aeratiiig the water. 

the resq^ltiS are as stioSVn in Table 4. The results of cultivation were extremely 
feyorable/thu^ clearly d^^ that thei feed of the present invention is (superior as 

a feid &r echmozoaiis. 



Table 4 







Feed C of 


Feed D of ' 


Green 






present invention 


jptesent inviention 


laver 




i- Nb. of Sea urchins 


500 


■ 500 ■ .r ■ 


500 


At start; - : ■ ^ \ 


Mean shell diameter (cin) 


l.p 


1.0 


1.0 




^ Mean body weight (g) 


0.5 


0.5 


,0.5 




["No. of sea urchins . 


■ ; 48g.; ■ 


490 


480 


At completion: 


Mean sheU diameter (cm) 


1.8 




1.7 




^ Mean bbdy weight (g) 


.■;-.3,5...:; 




3.3 


Mean wreight gain (g)\ ^ ^ . . 


3.0 


, 2.8 ' 


2.8 


Daily i^owtli rate 


m ■ 


■2.61 :''.y 


2.57 


■ ■ 2,55 



Exainple 3 

A grpvyth test was conducted by feedirig feed A of the present invention of 
Exahiple 1 and feed C 6f the pf«eht invention of Example 2 to natiirally caught green 
sea urchins having a Jiiean shcU diameter of 3 cm and inean body weight of 12 g. 

in addition, a sibiilar ^owth tbst w conducted in the same manner by feeding 
sea urchins greeii Ikver of live a^ 

30 sei urchin^ were us^ in each groi^, and tlie sea urchins were cultivated for 
90 days; The cultivation method coi^iMed pf ninim raw seawater mto three pond*.; 
me^surir^ 1 m x 1 m x 0,5 m arid aerating the water. 

The results are iis shown in Table 5. The resiilts of cultivation we extremely 
fevorable, thus clearly dotnonstrating that; present inventlpn/is superior 

a feed for echinozoans. ■ 
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Tables 





Feed A of 
present invention 


Feed. C of present 
invention 


Green 
laVa: 


. ^ ^ ^ r No of sea urchins 

At start: J - 

^ Mean shell diameter (cm) 


30 


. .30 "■" 


30 • 




3.0 


^ 3.0 


At completions l^'^-^*'^ ^^ 

Mean $hell diameter (cm) 


' ■■ 3.5.: ■ . 


■■■ 28 ■ 

. ,,' .3.3. : 


28 
3.5 


Weight ratio 6f reproductive organs to body 
weight at complclion ~ 


':123 


124 


12.7 ; 
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